Abstract. 2014 The LACBED technique has been applied to the determination of the tetragonal distortion in Si1-xGex/Si heterostructures, which are of great interest in the device technology. The strain determination has been performed on plan sections in an analytical electron microscope. The agreement between this strain value and the tetragonal distortion is influenced mainly by the local sample flatness and the acceleration voltage.
Abstract. 2014 The LACBED technique has been applied to the determination of the tetragonal distortion in Si1-xGex/Si heterostructures, which are of great interest in the device technology. The strain determination has been performed on plan sections in an analytical electron microscope. The agreement between this strain value and the tetragonal distortion is influenced mainly by the local sample flatness and the acceleration voltage. [2] is now becoming of widespread use, as it allows one to determine the tetragonal distortion eT in plan sections of superlattices [3] and heterostructures [4] . In this work, the LACBED technique has been applied to the study of silicon-germanium films, coherently grown on silicon substrates, which are the core of heterojunction bipolar transistors with transit frequencies up to 100 GHz [5] .
Experimental
Si1-xGex alloys were grown by either solid source MBE or by CVD (low and atmospheric pressure, LPCVD or APCVD). The details on the preparation procedures have been reported in [6] . Generally, a silicon buffer is first grown on (001) silicon substrates, then the Si-Ge alloy is deposited. Finally a protective cap (5 or 50 nm thick) is grown on top of some of the heterostructures. The features of the specimens investigated in this work are reported in Table I . The germanium with k = telts. The relative rotation of the planes 039403B8r (see Fig. 1 
) is given by:
This expression is coincident with the one previously reported by Cherns et al. [8] In Figure 2 is plotted the parameter f lq versus k for f =0.01. It is evident that k has a negligible influence on f /7î: for instance in the case of te = ts =100 nm, f /1J differs from unity by just 0.005.
Recently Hull [9] reported on the relaxation of the strain in plan-thinned, wedge shaped TEM samples of Si1-xGex /Si heterostructures by means of finite element calculations. In uncapped structures he found a relaxation of the stress of the order of 2-20%, depending on the thickness of the sample. In particular, this relaxation affects the component of the stress normal to the edge of the hole in the plane of the specimen; however, it becomes almost negligible when the heterostructure is protected by a Si cap thicker than the epilayer. Probably in this latter situation the bending of the crystallographic planes produced by the relaxation of the stress normal to the hole in the thinnest area of the TEM plan section does not occur, as in the cases described in the present work.
Results and Discussion
In Figures 3a and 3b are reported two 120 &#x3E; LACBED pattems taken in sample SIGE1. The splitting of the Bragg contours is evident, as due to the different lattice parameters of the Si-Ge alloy and of the underlying silicon substrate. The disposition of the contours is, however, markedly different from the pattern in Figure 3c , which refers to unstrained silicon sample. The angles between the different contours as well as the distance between their intersections do not correspond to the ones in the distorted spectra. Clearly, a local sample relaxation occurs, which prevents the heterostructure from being flat. In fact, from equation (4) The correct situation is the one depicted in the two LACBED patterns reported in Figures 4a  and 4b , which have been taken in the heterostructures SIGE1 (te = 100 nm) and SIGE2 (te = 500 nm), respectively. Here the local sample thicknesses, as measured from the rocking curve of the 400 Bragg contour, turn out to be of 430 nm and 720 nm, respectively: this yields k = te/ts =0.3 and 2.27, respectively. As f = 2.9 x 10-3 for SIGE1 and f = 5.05 x 10-3 for SIGE2 we get, from equation (5), that //7; differs from 1 (hence E LACBED from ET) by 6.7 X 10-3 and 3.5 x 10-3 for SIGE1 and SIGE2, respectively. This means that ELACBED should practically coincide with ET.
On the basis of patterns like the ones in Figure 4 it is now possible to determine ELACBED. The first step is to choose kinematical contours for the strain measurements. This occurs when i) the splitting 039403B8r is larger than the sum of widths of the rocking curves of the substrate and the epilayer, and ii) the appropriate thickness is smaller than çg for each layer. The latter condition is the more valid the higher is the acceleration voltage. The values of the various parameters, relative to the measured contours in the sample SIGE1, are reported in Table II. Given a kinematical contour, ELACBED can be obtained from equation (4) . These values are plotted in Figure 5 as a function of the germanium concentration in the films, which has been [7] , is deduced.
deduced from Rutherford backscattering and X-ray microanalysis. The slope of the straight line in this figure gives the expansion coefficient (3, as ELACBED = (3 . N. x ( 1 + v ) / ( 1-v), N being the atomic density and x is the Ge atomic fraction. It comes out that (3 = (7.0 ib 0.7) x 10-25 cm3at-1, which is lower than that foreseen by the Vegard's law ((3 = 8.34 x 10-25 cm3 at-1 ) and agrees with the one reported by Dismukes et al. [7] . This confirms that ELACBED is practically coincident with ~T. In this case, the difference between the strain values determined from this method (ELACBED and ET ) is quite negligible.
ii) The strain measurements should be performed on the basis of the splitting of kinematical Bragg contours, since the angular width of the rocking curve must be smaller than the splitting of the contours in the LACBED pattern. The largest splitting occurs for planes inclined with respect to the surface by angles as close to 45° as possible. In order to fulfill the kinematical requirement, high acceleration voltages are to be preferred.
